In this paper, the demand elasticities and the size of price cost margin (PCM) ratios were investigated for private and national branded products using scanner data from a large supermarket chain in Ohio, USA. Demand elasticities and PCM ratios were measured for 32 national branded and 14 private label products for 9 food categories by using Almost Ideal Demand System. According to the results, lower-income shoppers were more prices sensitive than higher-income shoppers and the average price elasticities were ranged between -1.96 (Snacks) and -3.33 (ice-cream). According to the results, non-collusive case gave smaller PCM than the Bertrand case and the average PCM ratios ranged from 27% for ice cream to 54% for chips.
Managers of product categories within supermarkets constantly face the challenge of stocking the appropriate variety of products as well as maximizing sales and profits for each product category. One strategy for maximizing sales and profits is to minimize the unnecessary inventory, but to keep the inventory at a sufficient level to avoid out-of-stock on store shelves. Price elasticities of demand play a major role in the selection of products for promotion, but income elasticities are also important. For example, most category managers decide to promote a product combination and/or depth of a product line based on hypothesized elasticities of demand. The weakness of this approach, of course, is that demand elasticities are seldom known. Another important issue is the PCM that measures a firm's power to raise price above its marginal costs. This is particularly useful in conducting market research and performance studies. Price-costmargin is a good indicator whether an industry is price competitive. It measures how much the prices in the industry deviate from manufacturing costs.
Non-competitive pricing can be observed based on the measure of each brand's own-price elasticity. For the representative firm, the higher the own-price
Demand elasticities and price-cost margin ratios for grocery products in different socioeconomic groups
Poptávkové elasticity a rozpětí mezi cenou a náklady u potravinářských produktů v různých socioekonomických skupinách elasticity, the higher the degree of competition and the lower the level of market power (Parker, Kim 1997) . This paper examines the tradition that has been termed the "New Empirical Industrial Organization" (Bresnahan 1989) , which focuses on estimating the PCM ratios and marginal costs without observing actual costs. Using estimates of the demand parameters, one can estimate the PCM without actual costs. This procedure is called observed approach (Nevo 1997) . PCM estimated with this approach is defined as the negative inverse of the observed own price elasticity. The assumption that underlies this approach is that a brand manager maximizes his/her brand profits independent of other brand managers in his company. Thus, joint profit maximizing is not assumed under this approach (Ma 1997; Cotterill, Samson 2002) .
In the light of the above discussion, the first objective of this study is to investigate the demand for selected food categories and to estimate econometric food demand model. Store level weekly scanner data are used to determine whether the price elasticities are significantly different from the previous estimates based on the aggregate market level data. To accomplish this objective, we first estimate price elasticities of sub-categories (brands) of each selected food commodity, then calculate aggregate price elasticities for each brand of food commodities. Food categories are defined at the sub-category level of fresh milk, ice cream, cooking oil, breakfast cereals, chips, salad dressing, mayonnaise, spaghetti, and frozen vegetables. The second objective of this study is to estimate price-cost margin ratio for each food category that does not need cost data. This method uses scanner data to drive the price cost margin ratios that have been traditionally used for the homogeneous good markets to construct the Lerner Index that measure the degree of competition.
Finally, this study compares results with respect to lower-income (LI) and higher income (HI) consumers. Since consumers at LI store locations differ from consumers at HI store locations, consumption patterns of these two-socioeconomic groups would be different. However, the previous literature has not fully addressed differences in demand elasticities and the PCM of branded grocery products in LI and HI area stores.
Recently, a number of studies have addressed price cost margin and markup in food industries in detail. Ma (1997) calculated the PCM ratios for 48 food and 456 manufacturing industries and found that the average PCMs were 32.6% for food industries and 31.0% manufacturing industries. According to his calculation, cereal and breakfast foods industry had the largest PCM (67.2%). Some of other calculated PCMs were 48.9% for salad dressing, 47.5% for potato chips, 49.2% for cookies and crackers, 43.1% for spaghetti, 66.4% for soft drinks, and 42.1% for canned fruit and vegetables. In another study, Lopez et al. (2001) estimated PCMs for different food industries. Some of the PCMs that they calculated were 50.3% for macaroni and spaghetti, 41.7% for fats and oil, 18.2% for cereal and breakfast foods, 20% for fluid milk and 10% for ice cream and deserts. Vicker et al. (2000) estimated market power and pricing conduct for private label (PL) and national brands (NBs) for the frozen vegetable market. Kinoshita et al. (2001) estimated own and cross brand price elasticities and price-cost margin ratios by using Japanese dairy store level scanner data. They found that price-matching case was inappropriate but non-collusive case appeared more realistic for dairy market in Japan. He concluded that Japanese retail milk markets were relatively competitive. Nevo (2001) investigated market power in the ready-toeat cereal industry and concluded that prices in the industry were consistent with non-collusive pricing behavior despite the high price cost margin. Cotterill and Samson (2002) analyzed the brand level demand system for American cheese products to evaluate unilateral and coordinated market power strategies by using the LA/AIDS model and found that all pricecost margins for brands of cheese products are above 25%. Most of these studies, however, aggregated the PL and NBs. We used the disaggregated weekly store level scanner data to capture any temporal and crosssectional variations in estimation of parameters. The disaggregated time series data is critical in measuring brand level behavior (Vicker et al., 2000) .
MATERIAL
The data used in this study are weekly store level scanner data on nine food products across six supermarket stores in Columbus, Ohio in the USA from June 1998 to September 2000. Three stores are chosen in HI locations and three stores in LI locations. Food categories are defined at the sub-category level of fresh milk, ice cream, cooking oil, breakfast cereals, chips, salad dressing, mayonnaise, spaghetti and frozen vegetables. Table 1 presents the names of product categories and brands within each category. Nine food product categories are subdivided into total 32 NB products as well as the 14 PL products. These 32 NBs are the mostly leading brands in each product categories.
According to the census tract data, the average of 12.9% of residents in HI area have less than $20,000 annual income, and 52.6% of residents have more than $50,000 income. By contrast, these numbers for lower-income areas are 27.2% and 28.1%, respectively. In terms of education, the average of 59.5% of higher income residents graduated from college. However, the average of just 29.3% of lower income residents also graduated from college
METHODS

Estimation of demand elasticities
In this study, the linearized form of the Almost Ideal Demand System (LA/AIDS) model is used to estimate demand elasticities because it provides a complete set of demand parameters for the food groups specified for this study. Moreover, the expenditure function from which the AIDS is derived is a flexible form and thus provides a reasonable approximation to the true unknown expenditure function. This model allows for testing and imposition of homogeneity and symmetry conditions and also gives an arbitrary first-order approximation to any demand system, which satisfies the axioms of choice exactly (Deaton, Muellbauer 1980) . The LA/AIDS model of this type has previously been shown to describe demand and price interaction between PLs and NBs extremely well (Cotterill, Putsis 2001) . The stochastic version of the AIDS budget share demand model can be written as: (1) where w i denotes average expenditure share for good i, x is the total food expenditure of n goods, p j and q j represents the price and quantity of j th good, α i , γ i , and β i are the parameters to be estimated e i is the stochastic error term and P is the Laspeyres price index defined by (2) where w i 0 is the expenditure of good i in the base period, p it is the price of good i in the period t (Moschini 1995) . The log-linear analogue to a Laspeyres price index is used for this study to estimate the demand parameters in the LA/AIDS model. Furthermore, Laspeyres price index avoids the problem of endogeneity in the model. Since normalization of prices makes the parameter estimates consistent, prices of all goods are normalized to unity (Asche, Wessels 1997) .
Sufficient regularity conditions for the system can be formulated in the terms of linear parameter restrictions which are: (1) adding-up,
3) slutsky symmetry, γ ij = γ ji . Negativity at the sample mean was verified by examining the eigenvalues of slutsky matrix in each observation.
Uncompensated price and expenditure elasticities are derived as recommended by Green and Alston (1990) . Expenditure, own-price and cross-price elasticities are calculated by the following formulas:
The model will be estimated consistently by using Zellner's iterative seemingly unrelated regression (SUR) method so that contemporaneously correlated errors are accounted for and the cross-equation parameter restriction can be imposed. The adding-up restriction is automatically satisfied when one equation is excluded from the system. However, homogeneity and symmetry restrictions are imposed in estimation.
Estimation of price-cost margin
Estimates of the demand elasticities from first part of this paper are used to compute the PCM of each brand without observing actual costs. Magnitude of the markup over marginal cost depends on the three factors: Level of concentration in the sector, elasticity of demand for food commodity and type of market conduct. Let a retailer face the following aggregate inverse market demand curve, total revenue and marginal revenue:
and
where Q is quantity, Z is the other factors that affect demand such as income and the price of substitutes, p Q = ∂P/∂Q and t is the time period. When the noncompetitive industry is in equilibrium, marginal revenue equals marginal cost, and retailers face the following supply relationship:
where, Θ is the demand parameter to be estimated, W is the various exogenous factor that affects costs such as weather and factor prices. In general, Θ can be measured as the differences between price and marginal cost (Perloff 1991) : P -MC = -Θp q Q and in the linear example: Θ = -(P -MC)/(ε 1 Q).
In the light of the above discussion, suppose Q is the total firms output in a non-competitive industry, C is the cost of the firm andQ j is the output of the J th firm. As it is well known, the Lerner's Index (L), derived from taking first order condition and upper appropriate aggregation conditions of maximized firm profit function, is the difference between price and marginal costs as a proportion of price as developed by Appelbaum (1982) . The Lerner index gives an aggregate estimate of gross contribution for the industry (Lerner 1934) . This index is a proxy for profitability and ranges between 0 and 1. All other factors held constant and high values of L imply high levels of market power. It measures the relative market price distortion and calculated with the following equation:
where Θ is the j th firm's conjectural elasticity, η is the elasticity of market demand and ε is the inverse demand elasticity.
The oligopoly measure is 0 ≤ L = Θε ≤ 1. Furthermore, under perfect competitive industry Θ j = 0, then L = 0 (competitive industry -Bertrand outcomes). Therefore, in perfect competition, the markup is zero (Price = Marginal Cost). Under pure monopoly industry, Θ j = 1 where Q = Q j then L = ε (perfect market power). In the special case of Cournot behavior, ∂Q/∂Q j = 1 and Θ j (conjectural or perceived elasticity) is simply the output share of the j th firm. Then, markup for cournot behavior is -Q/η. If contact is less competitive, then Cournot, 0 < Θ ≤ (1/Q) -1 and upper bound on Markup is -1/η. Therefore, under oligopoly power, by using the Lerner Index, one can write the PCM such as:
where e i is the perceived own price elasticity, e i ow is the partial own-price elasticity e ji cy is the cross price elasticity, and e ji cv is the conjectural variation elasticity (Kinoshita et al. 2001) . Since e ji cv = Θ is not incorporated our demand system, for this paper we assume two different cases for this value: Θ = 0 (the original Bertrand case-perfect competitive) and Θ j = -1 (Cournot-a non-collusive case).
EMPIRICAL RESULTS
Descriptive statistics of food categories
The first important results found in this study relate to price per ounce and expenditure share of each brand of product categories in two income groups. The results support the hypothesis that consumption patterns differ substantially for the LI and HI shoppers.
As revealed from Table 1 , the shares of the premium and super premium ice cream are higher for HI shoppers. For example, focusing on ice cream prices, it is quite apparent that LI shoppers purchase the lowerpriced brands from all the product classes. For two PL ice cream brands, LI shoppers' expenditure share is 56.6% as compared to 27.1% for HI shoppers. For the higher-priced brands of Haagen-Dazs super premium ice cream, LI consumers' expenditure share is just 1.52%, as compared to 4.5% for HI consumers. The regular ice cream is the most frequently purchased class for LI consumers, but they often trade up to the premium class. By contrast, the premium ice cream is the most frequently purchased class for HI consumers and when they trade up, it is often to the super premium brands such as Haagan Dazs.
In the case of cooking oils, LI shoppers consume more vegetable oil but less canola oil (57.4% and 13.8%) than HI shoppers (44.3% and 22.6%). Of course, affordability becomes an issue since HI groups can obviously better afford to purchase higher priced oils. Given this higher price, economic theory would suggest higher consumption for HI groups. Therefore, the results are as expected and support the hypothesis that LI shoppers are likely to consume lower proportions of expensive cooking oils.
Purchasing patterns for cereal seem to be dictated more by preference than by price. Indeed, based on prices paid, PL prove to be less expensive than the NBs. LI consumers purchased a larger proportion of lower priced cereals and HI consumers purchased a larger proportion of higher-priced brands. The average PL cereal prices are between 9.9 and 14.1 cents while the NB cereal prices are between 18.0 and 25.7 cents per ounces for both income groups. Like cereal consumption, PL chips represent the best buy too. The LI consumers show a much stronger preference for the PL and lower priced brands, but the HI consumers have much stronger preference for the higher priced brands such as Lays Tortilla Chips. Since PL milk is less expensive than NBs but has a similar quality, both LI and HI shoppers purchased larger proportion of the PL one and half gallon milk. A similar pattern can be seen for all other product categories. In general, LI consumers have higher preferences for lower-priced brands. Thus, income has impact on both NB (positive) and PL (negative) share. HI consumers increased their NB and paid larger price premium for NBs.
Estimated demand elasticities
Another important result found in this study is related to the price elasticities of product categories between two income groups. The main focus of this study is even if on PCM, in this section, demand elasticities of all selected food groups demand model will be provided. The results indicate that each model has a considerable explanatory power and most parameters are highly significant and have the expected sign as hypothesized. As expected, the signs of all uncompensated own-price elasticities are negative and those of all expenditure elasticities are positive for all selected product categories.
Comparison of the own-price elasticities between the two income groups shows differences for most of the product categories. For example, the average price elasticity of breakfast cereal brands in LI stores is -2.60, which is higher than the average elasticity of -2.48 in HI stores. Except for some of the brands of categories, all brand classes show generally higher own-price elasticities for both LI and HI shoppers. One of the main reason of the high elasticities of branded product is that these alternatives are sufficiently similar to be very close to nearly perfect substitutes for one other so that the shoppers are sensitive to price change.
Results for both income groups indicate that ownprice elasticities for cereal categories are in general higher, suggesting a lower and more reasonable PCM. Own-price elasticities estimated for cereal vary between -1.56 and -4.04 for LI shoppers and -1.32 and -3.77 for HI shoppers. This suggests that a brand manager maximizing the profits only from his/her own brand would price at a price margin between 25% and 76%. This markup still does not take into account any multi-product firm pricing or potential price collusion, and therefore seems high. Two brands owned by Kellogg's in this segment have a relatively more elastic demand than the one of the General Mills brand and PL brands. Also price elasticities of PL brands are lower than all NBs as expected.
All brands in the ice-cream product category have negative and significant own-price elasticities that range from -2.2 to -4.1 for HI shoppers and from -2.3 to -4.5 for LI shoppers. Although the unit net profit margin increases with a price increase, high elasticities of ice-cream brands do not necessarily mean that profits will decrease with the increasing price. That increase may balance the decreased units sold with increasing profit. Comparing to other product categories, lower priced brands in this category (PL brands) have the lower own price elasticities. One of the reasons of this lower elasticity may be due to the lower price variability for that brand.
Focusing on the milk demand, we find that the estimated own price demand elasticities ranged from -0.76 for Sealest milk to -3.8 for half-gallon PL milk. All estimated elasticities are highly significant. The price elasticity in LI stores is almost thrice as large as the elasticity of Sealest milk in HI stores. Also in both income groups, price elasticity of PL half-gallon milk is almost thrice as large as the elasticity of PL one-gallon milk. This result indicates that American consumers are almost thrice as price sensitive in their purchasing decisions for PL half-gallon milk than they are for PL one-gallon milk. Thus, while milk products in general may be a good candidate for price promotions, half-gallon milk is the one that has the largest potential for sales responsiveness out of the total milk category. Also, except for the Nestle Chocolate milk, all brand classes show higher price elasticities for LI shoppers. Similar results can be seen for all other product categories.
One of the interesting results from these elasticities is that PL products have generally lower own price elasticities as with compared with NBs. This may be because PL products are generally lower priced items than NBs. The main problem with these estimates is that they are highly driven by the price: The higher price branded product has generally a higher price elasticity than the lower priced branded product alternatives.
All the expenditure elasticities are highly significant and positive. This means that consumers tend to buy more of each brand of product when the expenditure on this product category goes up. As shown in Table 2 and 3, NBs of cereal in HI group have expenditure elasticities which are almost unity, while last two brand of cereal (PL) have values less than unity. This means that NBs have the highest ranking in shoppers' choice set of cereal classes. However, in LI areas, Kellogg brands have the highest ranking in shoppers' choice set of cereal brand classes. The expenditure elasticities suggest that higher-income implies a lower level of PL cereal consumptions. The fact that expenditure elasticities in both income groups are less than one implies that PL cereals are necessity and as income increases, a smaller portion of the budget is allocated to them. In the case of icecream category, the super premium brand of Haagan Dazs has the lowest expenditure elasticity in both income groups which indicates that this brand has the lowest ranking in the shoppers' choice set of ice cream. Similar results are found for the category of salad dressing and spaghetti for both income groups. However, for other product categories, the results are not consistent between income groups. For example, PL brands of chips and mayonnaise categories have the lowest ranking in shoppers' choice set of product categories.
Estimated PCM for each brand of product categories
Given the demand elasticities, the PCM for each product classes are computed by using equation 10. This margin is a good indicator whether an industry is price competitive. It measures how much prices in the industry deviate from manufacturing costs. As explained in the methodology section, the PCM is computed by two different ways: the original Bertrand case and the non-collusive case. Because there are so many values over one and also many negative values in the price-matching case, it follows that the price-matching case is not likely an appropriate assumption in these markets as also found by Kinoshita et al. (2001) .
In our study, PCMs for cereal brands are found to be below 44% in non-collusive case and below 75% in Bertrand case. But there is only one value that seems high which is PL corn flakes (75%) for HI shoppers. Therefore, results from both cases seem very much realistic. According to the non-collusive case, price cost margin is between 12% and 44% for LI shoppers, but 17% and 33% for HI shoppers. These results are comparable with the previous research. For example, the Supermarket Business reports that the markup for the cereal category was 35.3% in 1997 (Cotterill, Franklin 1998) . Lopez et al. (2001) estimated the PCM for cereal to be 18.2%. In another study, Ma (1997) estimated the PCM for three cereal brands by using three different approaches and found the PCM between 0.17 and 0.40. Nevo (1997) estimated the PCM for cereal items, which is between 35% and 75%, and concluded that the Bertrand equilibrium in prices is consistent with the observed PCM. Moreover, it is well documented that the price of cereal has been increasing faster than other food industries and that the cereal industry is a very concentrated industry (Ma 1997; Gejdenson, Schumer 1995) . Similar to the finding of Nevo (1997) , if the Nash Bertrand prices are taken as the non-collusive benchmark, then even with the PCM higher than 45%, pricing in the cereal industry is concluded to be approximately non-collusive. As Nevo (1997) indicated that the high PCM are not due to lack of price competition, but are due to consumers' willingness to pay for their favorite brand, and pricing decisions of firms that account substitution between their own brands when setting prices.
PCMs for fresh milk classes are below 66% in noncollusive case and below 92% in Bertrand case. Similar to cereal items, non-collusive case gives a smaller PCM than the Bertrand case. In both cases, PL onegallon milk gives the highest PCM. Since low demand elasticity will tend to yield a high PCM, this result is reasonable. For example, price elasticity for PL onegallon milk is -1.42 that gives the highest PCM of 0.74 in non-collusive case. One other reason for this higher PCM is the lower priced of milk. Therefore, lower priced brand has the lowest own-price elasticity but highest PCM in milk industry. This PCM ratio is a little bit higher than the previous study finding (20%) done by Lopez et al (2001) . In the case of ice cream, estimated the PCM are between 15% and 25% for the non-collusive case and between 22% and 46% in Bertrand case. Haagan Dazs brand in HI stores has the highest PCM in the non-collusive case, but PL brands in both income stores have the higher PCM in Bertrand case.
Price cost margin for salad dressing classes are between 23% and 39% for non-collusive case and between 28% and 58% in Bertrand case. PL brand in both income locations has the lowest PCM in the non-collusive case. Price cost margin for mayonnaise brands are below 47% in the non-collusive case and below 63% in Bertrand case. Hellmann in both income groups has the highest PCM ratio for both cases.
PCMs for cooking oil classes are between 14% and 35% for the non-collusive case and between 25% and 56% in Bertrand case. With respect to the non-collusive case, PL brand in HI stores, but Mazola and Wesson oil in LI stores have the highest PCM ratios. These PCM ratios are generally smaller than which Lopez et al. (2001) estimated (41.7%) .
PCMs for chips brands are between 20% and 85% in the non-collusive case and between 37% and 97% in Bertrand case. But there is only one value that seems very high which is Lays Tortilla Chips (85% in the non-collusive case). The reason of this higher PCM is due to lower price elasticity of this brand. Therefore, except for Lays Tortilla chips, the results from the non-collusive case seem very realistic.
PCMs for spaghetti brands are between 14% and 51% in the non-collusive case, but between 20% and 63% in the Bertrand case. PL brand in both income groups has the highest PCM ratio for both cases. These results are comparable with the previous research done by Lopez et al. (2001) , in which the PCM of macaroni and spaghetti is founded to be 50.3%.
PCMs for frozen vegetables brands are between 18% and 54% in the non-collusive case, but between 18% and 82% in the Bertrand case. PL spinach has a very high PCM in both income groups. As seen for chips category, the reason of high PCM ratio of this brand is because of the lower price elasticity of this brand. Vicker et al. (2000) estimated the PCM to be 83% for the PL frozen vegetable and 79% for NB.
CONLUSIONS AND RECOMMENDATIONS
This paper shows that brand-level analysis of store scanner data can be used both in demand studies and industrial organization analysis to provide new insights into the marketing of food products. The purpose of this article is double. First, it extended LA/AIDS model by the Laspeyres Price Index and price normalization, and provided demand elasticities of PLs and NBs of product for both LI and HI groups. A second contribution is that the PCMs are reported within each industry, which can be useful to policy makers concerned with market structure.
Empirical results indicate some systematic patterns and price competition in the US food industries. In general, LI shoppers have a higher preference for lower-priced brands. Therefore, income has impact on both NB (positive) and PL (negative) share. As consumer income increases, they purchase more NB and also pay larger price premium for NBs. Moreover, price paid by customers in LI areas are found to be lower, which suggests that these consumers either have a higher response to advertised prices, or they purchase larger sizes with lower unit prices.
The estimated own-price elasticities in this study indicate that most of the branded products are elastic which is consistent with the microeconomic theory. The average price elasticities are ranged between -1.96 (Snacks) and -3.33 (ice-cream). Expenditure elasticities for product categories are also between 0.79 and 1.12. Moreover, the average price and expenditure elasticity varied between income groups. For example, the average aggregated price elasticity of all nine products in LI areas is -2.72, but this elasticity is found to be -2.50 in higher income areas. Thus, the results clearly show that LI shoppers are more prices sensitive than HIs. Also, American consumers are almost twice as price sensitive in their purchasing decisions for ice cream then they are for chips.
PCMs were computed for two different ways: the original Bertrand case and the non-collusive case. Results from both cases seem very much realistic. The non-collusive case gives smaller PCM than the Bertrand case. There is no value over one in noncollusive case compared to the only two values near one in the Bertrand case which is less than 5% of the total number of items analyzed.
This study indicates that the average PCM for food products is 29.4% and 31.4% for LI and HI areas in non-collusive case, which is lower than in the Bertrand case (43.7% and 48.8%). According to the results from the non-collusive and Bertrand case, ice-cream industry had the lowest PCM (20% and 32.2%), chips (42.7% and 59.8%) and fresh milk (40.7% and 60%) had the highest among all the 9 food industries.
The results of this study are expected to help informing the decision-making of category managers as well as help researchers and other decision-makers who are interested in the profit-maximizing behavior of retailer and manufacturer firms. Moreover, our approach offers several benefits. Since it involves a simple computation when the demand elasticities have been estimated, the method permits calculation of the PCM for a large variety of products.
This study, like any other, suffers from various limitations that are worthy of further attention. Among these, there are the potential impacts of competition across industries and adding wider range of industries to analyze. If the analysis is extended to incorporate other industries will provide further insights for the market structure of firm and price competition between brands. Another limitation of this study is that the data used in this study is obtained from a particular supermarket chain. Future research may examine data from other retailers and look into other aspects of the multiple store brands.
